I comment on Ulvi Yurtsever's result, which states that the entropy of a truncated bosonic Fock space is given by a holographic bound when the energy of the Fock states is constrained gravitationally. The derivation given in Yurtsever's paper contains an subtle mistake, which invalidates the result.
In [1] ,'t Hooft presented a simple derivation of the entropy of a closed spacelike surface, e.g., the surface of a sphere with total surface area A and volume V , which contains (bosonic) quantum fields. Considering all possible field configurations inside this surface, one may ask how many mutually orthogonal quantum field states can be excited inside the space under consideration. If the states are to be observable for the outside world, their energy has to be less than 1/4 times the diameter of the sphere in natural units, otherwise the surface would lie within the Schwarzschild radius. The most probable state would be a gas at some temperature T = 1/β with an energy approximately given by
where Z is the number of different fundamental particle types (with mass less than T ) and C 1 a numerical constant of order one, again all in natural units. The total entropy is S = C 2 ZV T 3 , where C 2 is another dimensionless constant. Since the Schwarzschild limit requires that 2E < (V / . The C i are all constants of order 1 in natural units. Since in quantum field theories, at sufficiently low temperatures, Z is limited by a dimensionless number one finds that this entropy is small compared to the entropy of a black hole which is proportional to the black hole surface area, if the area A is sufficiently large (slightly beyond the Planck scale if Z is not extremely large, to be more precise).
According to Yurtsever's original idea, imposing an upper bound on the total energy of the corresponding Fock states which ensures that the system is in a stable configuration against gravitational collapse and imposing a cutoff on the maximum energy of the field modes of the order of the Planck energy leads to an entropy bound of holographic type. This idea has been generalized bona fide in [3] to the case of spacetimes with arbitrary dimension.
However, for 't Hooft's classical result that S ∝ A 3 4 to disagree with the conjectured entropy of the truncated Fock space ∝ A would require a disagreement between the microcanonical and canonical ensembles for a system with a large number of degrees of freedom. Furthermore, the additional restriction of the allowed states by a cutoff on the maximum energy of the field modes should rather lead to an even more restrictive bound on the entropy.
In order to understand that there is an error in the arguments given by Yurtsever, it is advantageous to focus on eq. (28) in [2] first. There, the (approximate) dimension of the truncated Fock space is expressed by the function
In the sum above, each individual term d n = z n /(n!) 2 denotes basically the number of orthogonal quantum field states of a massless bosonic field with the property that exactly n arbitrary but different modes are excited (see also eq. (21) and (27) in [2] ). This number is related in [2] to a number of points lying on subpolyhedra. It is straightforward to see that the dominant contribution to q(z) in eq. (2) stems from terms with n located narrowly around n ≃ √ z.
That this is indeed incorrect is most easily illustrated for the case of a cube C with side length L. In this case, one has according to [2] 
if the maximum energy of allowed field modes is given by the Planck energy. According to the hoop conjecture that a nonspherically compressed object will form a black hole around itself when its circumference in all directions becomes less than the critical circumference [4] , one gets a bound for the energy of the cube E < ( L and would be even larger for massive particles. Therefore, the number d of different modes that can be excited simultaneously must fulfill the bound
If d is larger than N max , then the total energy of the cube clearly exceeds the gravitational energy bound even if only lowest energy modes are excited, hence the corresponding Fock states do not contribute to q(z). A slightly more detailed analysis leads to the much more restrictive bound d < CL 3 2 , where C is a numerical constant of order one, if it is taken into account that except for the ground mode all other excited modes have an energy which is larger than the energy quantum Ω 1 , but the bound above is already sufficient to highlight the problem. Since according to Yurtsever's combinatorics, the dominant contribution to the number of dimensions of the truncated Fock space comes from terms with n ≃ √ z = The combinatorial quantity S n defined by eq. (20) in [2] is evaluated incorrectly and must vanish for n > CL 
